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.H\ZRUGV EULWWOH GDPDJH PLFURPHFKDQLFDO PRGHO LQLWLDO DQLVRWURS\ LQGXFHG DQLVRWURS\
XQLODWHUDOHIIHFW

$EVWUDFW $ QHZPLFURPHFKDQLFDOPRGHOOLQJ DSSURDFK IRU EULWWOH GDPDJH LQ LQLWLDOO\ RUWKRWURSLF
PDWHULDOV LV SUHVHQWHG 7KH SURSRVHG VWUDLQEDVHG HQHUJ\ IRUPXODWLRQ DOORZV WR GHULYH D IXOO\
DQLVRWURSLF PXOWLOLQHDU PRGHO IRU PLFURFUDFNHG PDWHULDOV ZLWK DUELWUDU\ RULHQWHG GHIHFWV 7KH
WKHUPRG\QDPLFVIUDPHZRUNSURYLGHVDVWDQGDUGSURFHGXUHIRUWKHGDPDJHHYROXWLRQODZ7KHQHZ
PRGHOH[SOLFLWO\DFFRXQWVIRUWKHLQWHUDFWLRQEHWZHHQSULPDU\DQGLQGXFHGDQLVRWURSLHV0RUHRYHU





LQGXFHG DQLVRWURS\ DQG PLFURFUDFNV RSHQLQJFORVXUH HIIHFWV DOVR FDOOHG XQLODWHUDO HIIHFWV WKDW





0HFKDQLFV RIIHUV DQ DSSURSULDWH WKHRUHWLFDO IUDPHZRUN WR DFFRXQW IRU WKH LQHODVWLF UHVSRQVH
DVVRFLDWHG WR VXFK IHDWXUHV <HW VRPH GLIILFXOWLHV FOHDUO\ DULVH LQ WKH EULWWOH FDVH )LUVW WKH
VLPXOWDQHRXV UHSUHVHQWDWLRQ RI LQGXFHG DQLVRWURS\ DQG XQLODWHUDO HIIHFWV RIWHQ OHDGV WR
LQFRQVLVWHQFLHV LQ WKH PRGHOV IRUPXODWLRQ VHH GLVFXVVLRQV RI >@ RQ WKH DGPLVVLELOLW\ RI
FRQVWLWXWLYH ODZV 0RUHRYHU WKH UHFRYHU\ SKHQRPHQRQ LQGXFHG E\ WKH FORVXUH RI PLFURFUDFNV
JHQHUDOO\ ODFNV RI H[SHULPHQWDO FKDUDFWHUL]DWLRQ )LQDOO\ DFFRXQWLQJ IRU WKHVH SKHQRPHQD LQ WKH
FRQWH[WRILQLWLDOO\DQLVRWURSLFPDWHULDOVFRQVWLWXWHVDQHYHQPRUHFKDOOHQJLQJLVVXH

)ROORZLQJ IXQGDPHQWDO LGHD GHYHORSHG IRU LQVWDQFH E\ >@ PLFURPHFKDQLFDO DSSURDFKHV
SURYLGH LQWHUHVWLQJVROXWLRQVIRU WKHVHTXHVWLRQV:HSUHVHQW LQWKLVSDSHUD'DSSURDFKUHFHQWO\
GHYHORSHGLQWKLVVHQVHE\*RLGHVFXHWDO>@7KLVPRGHOLVEDVHGRQWKHRQHKDQGRQFORVHGIRUP
H[SUHVVLRQVRIWKHRYHUDOOIUHHHQHUJ\RIPLFURFUDFNHGRUWKRWURSLFPHGLDHVWDEOLVKHGE\PHDQVRIDQ
KRPRJHQL]DWLRQ DQDO\VLV >@ 7KHUPRG\QDPLFDO DUJXPHQWV HVSHFLDOO\ WKH VWDQGDUG IUDPHZRUN
KHOS WR FRPSOHWH WKHGDPDJHHYROXWLRQ ODZRI WKH IRUPXODWLRQ$IWHUDEULHI UHFDOORI WKHJHQHUDO
DVVXPSWLRQVRIWKHPRGHOYDULRXVLOOXVWUDWLRQVDUHSUHVHQWHGRQVHYHUDOEULWWOHPDWHULDOV






EDVLV >@ RI WKLVZRUN D GLVFUHWH DSSURDFK LV FRQVLGHUHG IRU WKH GDPDJH GHVFULSWLRQ7KH VHW RI
VFDODU YDULDEOHV 1LLG    G  ZLWK LG  WKH PLFURFUDFN GHQVLW\ RI WKH LWK PLFURFUDFN V\VWHP LV
DVVXPHGWREHWKHGDPDJHLQWHUQDOYDULDEOH2ULHQWDWLRQV LQ XQLWQRUPDOWRWKHLWKV\VWHPRISDUDOOHO
PLFURFUDFNVDUHUHJXODUO\GLVWULEXWHGDQGQXPEHU1RIV\VWHPVKDVWREHGHILQHGDFFRUGLQJWRWKH




YDULDEOHV  GH !

,Q WKH YLUJLQ VWDWH WKH PDWHULDO H[KLELWV DQ HODVWLF OLQHDU EHKDYLRU ZLWK RUWKRWURSLF V\PPHWU\
GHILQHGE\WKHRUWKRQRUPDOEDVLV   HH ,QZKDWIROORZVZHGHQRWHE\  $H" WKHIUHHHQHUJ\
RIWKHPDWHULDOZLWKRXWGDPDJHZLWKVHFRQGWHQVRU  HH$  DFFRXQWLQJIRULQLWLDODQLVRWURS\

+RPRJHQL]DWLRQ SURFHGXUH XVHG WR GHULYH WKH PDFURVFRSLF IUHH HQHUJ\ FRUUHVSRQGLQJ WR '












  Q$$G HHH  














LQZKLFKIXQFWLRQ J GHILQHV WKHRSHQLQJFORVXUHFULWHULRQIRUPLFURFUDFNV0RUHRYHUIXQFWLRQ K 
LQWURGXFHVYDULRXVLQWHUDFWLRQPRGHVEHWZHHQLQLWLDODQGLQGXFHGDQLVRWURSLHV
  LMLMMLM KKKK Q$Q$Q$ HHHH   
IRUM ^RSHQFORV` MK DGGUHVVHVLVRWURSLFOLNHGDPDJHHIIHFWWKDWNHHSVWKHLQLWLDOV\PPHWU\RIWKH
PDWHULDO MK  LQWURGXFHVZHDNFRXSOLQJZLWKDGLUHFWLRQDOGHSHQGHQFHVLPLODUWRWKHRQHGHULYHGLQ
WKH LVRWURSLF FRQWH[W ZKHUHDV MK  DFFRXQWV IRU VWURQJ LQWHUDFWLRQ EHWZHHQ LQLWLDO DQG GDPDJH
LQGXFHGDQLVRWURSLHVWKDWPD\OHDGWRDFRPSOH[UHVXOWLQJHODVWLFLW\
#$ %& $' ('$) $*+$ ,-(.$%'(& K  DQG J  GHSHQG RQO\ RQ WKH YLUJLQ HODVWLF SURSHUWLHV VR DV : 
0RUHRYHU PDWKHPDWLFDO FRQGLWLRQV DUH VDWLVILHG E\ WKH SRWHQWLDO :  HVSHFLDOO\ WKH REMHFWLYLW\
VLQFH K DQG J GHSHQGRQWUDFHLQYDULDQWVDQGWKHFRQWLQXLW\RIFODVV & WKDWHQVXUHVWKHH[LVWHQFH
DQG FRQWLQXLW\ RI WKH VWUHVVVWUDLQ UHVSRQVH HV w





w  FRUUHVSRQGLQJ WR GDPDJH YDULDEOHV0RUHRYHU PLFURPHFKDQLFV SURYLGHV D SK\VLFDO
MXVWLILFDWLRQ WR WKH UHSUHVHQWDWLRQ RI DFWLYDWLRQGHDFWLYDWLRQ HIIHFWV UHJDUGLQJ ERWK WKH FRPSOH[












  LGLG GN)G)I LL K  



































D[LV OHDGV WR DQ RUWKRWURSLF GHJUDGDWLRQ RI WKH EXONPRGXOXV ZKHWKHUPLFURFUDFNV DUH RSHQ RU
FORVHG LVRWURSLFOLNH HIIHFW 1RWH LQ WKDW SDUWLFXODU FDVH WKH WRWDO UHFRYHU\ RI WKH EXONPRGXOXV
/01234546 314 78294 :;6493;<=> :?4 3< 314 9?@;9 7ABB436A <C 314 VWXGLHG FRPSRVLWH2Q WKHRWKHU
KDQG WKH RIID[LV FDVH LOOXVWUDWHV WKH YHU\ FRPSOH[ UHVXOWLQJ DQLVRWURS\ REWDLQHG IRU RSHQ DQG
FORVHGPLFURFUDFNV)RUGLUHFWLRQVP FORVHWR H UHVSHFWLYHO\ H WKHGDPDJHGHDFWLYDWLRQOHDGV
WRDYDOXHRIWKHEXONPRGXOXV PN KLJKHUUHVSVPDOOHUWKDQIRUWKHYLUJLQVWDWH6LPLODUIHDWXUHV
KDYH DOUHDG\ EHHQ REWDLQHG LQ WKH FDVH RI LVRWURSLF PHGLD IRU WKH 3RLVVRQ UDWLR UHVS <RXQJ





GDPDJHDORQJVWUXFWXUDOD[LV H  2IID[LVFDVH


)LJ5RVHVRIWKHJHQHUDOL]HGEXONPRGXOXV PN LQWKHGLUHFWLRQRIXQLWYHFWRUP IRUDFDUERQ
HSR[\ ODPLQDWH ZHDNHQHG E\ D VLQJOH DUUD\ RI PLFURFUDFNV RI XQLW QRUPDO Q  GDVKHG OLQH
FRUUHVSRQGVWRYLUJLQVWDWHWKLQOLQHWRWKHRSHQVWDWXVEROGOLQHWRWKHFORVHGVWDWXV
6HFRQG H[DPSOH DLPV DW LQYHVWLJDWLQJ VRPH IHDWXUHV RI WKHPRGHO LQFOXGLQJ WKHRFFXUUHQFHRI
GLVVLSDWLYH SURFHVV 7KH PHFKDQLFDO UHVSRQVH RI D FHUDPLF FRPSRVLWH 6L&6L& XQGHU XQLD[LDO
WHQVLRQ ORDG IROORZHG E\ FRPSUHVVLRQ LV JLYHQ LQ )LJ $[LV DQG RIID[LV ORDGV KDYH EHHQ
LQYHVWLJDWHG7KLVVKRZVILUVWWKDWWKHPRGHOLVDEOHWRGHVFULEHWKHVSHFLILFGLVV\PPHWULFEHKDYLRU
EHWZHHQ WHQVLOH DQG FRPSUHVVLYH ORDGV RI EULWWOH PDWHULDOV 7KH GLIIHUHQW RSHQLQJFORVXUH VWDWH
EHWZHHQWKHVHWZRVLWXDWLRQVH[SODLQVWKHGLIIHUHQFHVLQGDPDJHHYROXWLRQDQGLQWKH\LHOGVWUHVVDOO
PLFURFUDFNVDUHRSHQGXULQJWHQVLOH ORDGDQGVRPHRI WKHPWKRVHZKRVHRULHQWDWLRQVDUHFORVHWR
D[LDO GLUHFWLRQ \  JHW FORVHG GXULQJ FRPSUHVVLRQ 6XFK D WHVW KLJKOLJKWV DOVR WKH LQIOXHQFH RI
XQLODWHUDOHIIHFWVLQWKHSUHVHQWRUWKRWURSLFFRQWH[W$VVKRZQE\WKHHYROXWLRQRIWKHD[LDO<RXQJ
PRGXOXV GDPDJH GRHV QRW HYROYH GXULQJ WKH XQORDGLQJ  \(  UHPDLQV FRQVWDQW DQG HODVWLF
SURSHUWLHVUHFRYHUWRVRPHH[WHQWWKHLULQLWLDOYDOXHSDUWLDOGDPDJHGHDFWLYDWLRQZKHQFRPSUHVVLYH




7KH SUHVHQW FRPSOHWH FRQVWLWXWLYH PRGHO IRU ' LQLWLDOO\ RUWKRWURSLF PDWHULDOV RIIHUV YHU\
LQWHUHVWLQJ SHUVSHFWLYHV IRU WKH UHSUHVHQWDWLRQ RI EULWWOH GDPDJH 7KH ULJRURXV PDWKHPDWLFDO DQG
WKHUPRG\QDPLFDO IUDPHZRUN DVVRFLDWHG ZLWK WKH SK\VLFDO MXVWLILFDWLRQ SURYLGHG E\
PLFURPHFKDQLFDO FRQVLGHUDWLRQV DSSHDUV DV ZHOO IRXQGHG 6RPH DSSOLFDWLRQV GHYHORSHG LQ WKLV





LQVWDQFH DQ H[WHQVLRQ WR WKH FDVH RI VHGLPHQWDU\ URFNV LQFOXGLQJ WKH GHSHQGHQF\ RI WKH GDPDJH
FULWHULRQ RQ ORDGLQJ GLUHFWLRQ KDV EHHQ SURSRVHG E\ >@ )XWXUH ZRUNV ZLOO QRZ IRFXV RQ WKH














(YROXWLRQ RI WKH D[LDO <RXQJ









)LJ8QLD[LDO WHQVLRQ ORDGIROORZHGE\FRPSUHVVLRQDORQJXQLWD[LV \ RQDFHUDPLFFRPSRVLWH






























>@ & *RLGHVFX +:HOHPDQH'.RQGR &*UXHVFX0LFURFUDFNV FORVXUH HIIHFWV LQ LQLWLDOO\
RUWKRWURSLFPDWHULDOV(XU-0HFK$6ROLGV
>@ 3*HUPDLQ461J\XHQ 3 6XTXHW&RQWLQXXP WKHUPRG\QDPLFV -$SSO0HFK  

>@ & *RLGHVFX &DUDFWpULVDWLRQ HW PRGpOLVDWLRQ GH O




>@ + :HOHPDQH ) &RUPHU\ 6RPH UHPDUNV RQ WKH GDPDJH XQLODWHUDO HIIHFW PRGHOOLQJ IRU
PLFURFUDFNHGPDWHULDOV,QW-'DPDJH0HFKSS
>@ 6 /HYDVVHXU +:HOHPDQH ' .RQGR $PLFURFUDFNVLQGXFHG GDPDJHPRGHO IRU LQLWLDOO\
DQLVRWURSLFURFNVDFFRXQWLQJIRUPLFURFUDFNVFORVXUH,QW-5RFN0HFK0LQLQJ6FLLQSUHVV
